In a man-mouse hybrid line from our cell library, the only cytological detectable portion of the human genome is the X chromosome, and the only genetic markers regularly expressed are coded by genes known to be X-linked. A component of the heterogeneous nuclear RNA of these cells was found to be complementary to repetitive human DNA sequences by means of RNA-DNA hybridization on nitrocellulose filters. The same procedure also permitted the identification of hybrid cell DNA sequences that are complementary to human heterogeneous nuclear RNA. This experimental approach, coupled with hybridization studies in situ, is expected to yield critical data on the distribution and the specificity of the repetitive DNA sequences present in the human genome and to provide a new tool for cytological mapping of human chromosomes.
hybridization on nitrocellulose filters. The same procedure also permitted the identification of hybrid cell DNA sequences that are complementary to human heterogeneous nuclear RNA. This experimental approach, coupled with hybridization studies in situ, is expected to yield critical data on the distribution and the specificity of the repetitive DNA sequences present in the human genome and to provide a new tool for cytological mapping of human chromosomes.
Highly unstable somatic cell hybrids offer a unique opportunity for basic experimentation of molecular biology at the level of single human chromosomes. The Sendai virusmediated fusion between somatic cells of human and rodent origin usually yields interspecific somatic cell hybrids which undergo the progressive loss of the human genome (1) (2) (3) (4) (5) . When the rodent parental cell line is deficient in a metabolic function that is essential for survival in a given selective medium, these types of somatic cell hybrids evolve rapidly towards a reduced karyotype where the only component of the human genome retained is the chromosome (or chromosome portion) carrying the human gene that codes for the essential metabolic function.
The present report describes the rationale and the methodologies devised for the identification of human RNA transcripts among the heterogeneous nuclear RNA (hnRNA) isolated from a man-mouse somatic cell hybrid line (A9/ HRBC2) that has lost almost entirely the parental human genome with the exception of the human X chromosome.
The selective system that has permitted the isolation of this hybrid cell line was devised by Szybalski and Szybalska (6) to select against mammalian cells deficient in hypoxanthine phosphoribosyltransferase (EC 2.4.2.8; IMP: pyrophosphate phosphoribosyltransferase). This is achieved by carrying out cell growth in the so-called HAT selective medium, containing a potent inhibitor of purine and pyrimidine synthesis (A for aminopterin) together with preformed nitrogen bases (H for hypoxanthine and T for thymidine). Cell survival in this selective system depends upon the ability of the cell to use the preformed bases as a salvage pathway for nucleic acid synthesis. This ability is provided by normal activity of the phosphoribosyltransferase, whose structural gene is known to be X-linked in man (7) . Consequently, when phosphoribosyltransferase-negative mouse cells are fused with phosphoribosyltransferase-positive human cells, the resulting hybrid clones grown in HAT medium may lose every part of the human genome but the X chromosome, or at least the portion of it bearing the locus for the human enzyme (8, 9) .
The identification of human RNA transcripts in manmouse somatic cell hybrids of the type described above is based on RNA-DNA hybridization. Molecular (8, 9) . The present clonal derivative originated from the few cells that recovered in HAT medium after 4 years of storage.
The HeLa-S3 cell line (14) was used as a source of human hnRNA. This line is known to have from 43 to 69 chromosomes with two or more doses of each human chromosome (15) and exhibited normal activity for all X-linked and autosomal enzyme markers mentioned in (26) , and Grzeschik (27) . The screening for human adenine phosphoribosyltransferase was performed at the single cell level by autoradiography after growth of the hybrid cells in HAT medium containing 10 ,Ci/ml of [3Hjadenine; since the parental mouse cells lack the enzyme, incorporation of labeled adenine is considered evidence of the retention of the human gene coding for this enzyme. Standard techniques for centromeric (C-) banding (28), Giemnsa (G-) banding (29) , and quinacrine (Q-) banding (30) phoresis. This procedure ensures that conclusions drawn from enzyme and chromosomal studies can be confidently considered pertinent to the same population of A9/HRBC2 cells used in the experiments of molecular hybridization, despite possible variations of the hybrid genome known to occur during prolonged growth in HAT selective medium (8) . Cell lysates of A9/HRBC2 were always studied in parallel with lysates of A9 (mouse parental) and of normal human cells. All lysates were screened for the presence of 28 human genetic markers which identify the human X chromosome and 14 of the 22 autosomes (Table 1) . These genetic markers include only constitutive enzymes whose electrophoretic mobility differs in the parental species and whose regular expression is well documented in man-mouse somatic cell hybrids before they undergo the loss of the specific human chromosomes bearing the corresponding structural loci (31) . Table 1 shows that hybrid line A9/HRBC2 has regularly retained only the three human X-linked markers: hypoxanthine phosphoribosyltransferase (HGPRT), glucose-6-phosphate dehydrogenase (G6PD), and phosphoglycerate kinase (PGK). All human autosomal markers are absent, with the exception of those of chromosome no. 2: NAD-dependent malate dehydrogenase (NAD-MDH) and cytoplasmic isocitrate dehydrogenase (IDH-1) (32). The latter ones must, however, be present only in a small proportion of cells, as is suggested by the finding that the human bands as well as the heteropolymeric mouse-human components of these enzymes have always been fo-und to be much fainter than the mouse bands in all lysate preparations of A9/HRBC2 All these chromosomes showed a distinct centromeric band except one or two telocentric chromosomes per metaphase analyzed. The A9/HRBC2 hybrid line used in this study has a karyotype which would be indistinguishable from that of the A9 parental cell line, except for the regular presence of one biarmed chromosome without centromeric banding. From G-and C-banding, this chromosome was identified as the human X in 26 out of 27 karyotyped metaphases (Fig. 1) . However, this conclusion could not be confirmed in 19 additional metaphases which were studied for C-and Q-banding. In these metaphases the non-C-banded human X-like chromosome failed to show the characteristic Q-banding pattern of the human-X, while the mouse chromosomes were banded as expected. We have no explanation for this inconsistency. We are presently investigating whether this is a phenomenon of general occurrence in man-mouse hybrids that have retained very few human chromosomes. The C-and G-banding studies revealed also the presence of an extra biarmed non-Cbanded chromosome with an atypical G-banding pattern in six out of the 27 above-mentioned metaphases karyotyped. (Fig. 2) .
(i) Under the given experimental conditions the percent of hybridization between hnRNA from cell hybrid, mouse, or human cells with their homologous DNA ranges from 2.60 to 3.00 ( Fig. 2A, B , and C). §
(ii) The hnRNA from A9/HRBC2 hybrid cells or from A9 parental mouse cells binds, as expected, much more efficiently to their homologous DNA or to quasihomologous DNA (as is the A9 T)NA for the A9/HRBC2 RNA and vice versa) than they do to human placental DNA ( Fig. 2A, B, D , and E).
Correspondingly, human HeLa hnRNA binds to human DNA much more efficiently than to A9 or to A9/HRBC2 D)NA (Fig. 2C and F) .
(iii) The A9/HRBC2 hnRNA anneals better to human DNA than does the A9 hnRNA. Namely, 0.18% (0.33 -0.15 = 0.18%) more of hybrid hnRNA binds to filters bearing human DNA than does mouse hnRNA ( Fig. 21 ) and E). Correspondingly, human HeLa hnRNA binds to A9/HRBC2 DNA better than to A9 DNA. Namely, 0.22% (0.28 X 2 -0.17 X 2 = 0.22%) more of human hnRNA anneals to hybrid DNA than it does to mouse DNA (Fig. 2F) .
(iv) Both A9 and A9/HRBC2 hnRNA were found to bind slightly better to A9 DNA than to A9/HRBC2 DNA when each of the RNA preparations was exposed simultaneously to both types of DNA ( Fig. 2A and B) . Since planation, it is clear that this finding strengthens the significance of the above-mentioned higher affinity of the human RNA for filters bearing A9/HRBC2 DNA when the former is exposed simultaneously to filters bearing the hybrid cell or the mouse DNA (Fig. 2F) . Multistep Hybridization. The nature of the cell hybrid hnRNA that hybridizes to human DNA and of HeLa hnRNA that hybridizes to cell hybrid DNA, was further analyzed by multistep hybridization experiments, which confirm the observations reported in the preceding paragraph. Labeled RNA was eluted from filters each bearing a given combination of RNA-DNA molecular hybrid (Table 2A ) and reannealed to a second set of filters bearing 100 gg of human, mouse, or hybrid cell DNA (Table 2B ). The percent of eluted RNA ranged from 85 to 91. In Table 2 , the radioactivity bound to each filter in the series of cross-hybridizations has been corrected for background by subtracting the radioactivity bound to filters bearing Escherichia coli DNA. The data indicate that A9/HRBC2 hnRNA eluted from an A9/HRBC2 hnRNAhuman DNA molecular hybrid reanneals 1.9 times more to human than to A9 DNA ( The data presented provide preliminary evidence that it is possible to identify human RNA and DNA in human-mouse somatic cell hybrids with a greatly reduced human chromosomal content. Additional studies, to be reported elsewhere, provide further evidence that molecular hybrids between A9/HRBC2 and human nucleic acids, detected by nitrocellulose filter assay, are more specific than molecular hybrids between A9 and human nucleic acids. These studies also provide data identifying the presence of human RNA in A9/ HRBC2 cells that is complementary to "few gene copy" human DNA, as well as data identifying the presence of human RNA in HeLa cells that is complementary to "few gene copy" A9/HRBC2 DNA.4
Since the enzyme and chromosomal data suggest that the only human chromosome regularly present in A9/HRBC2 cells is the human X chromosome, it can be concluded that the hnRNA identified by the experiments described in Fig. 2D and in Table 2 
